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Introduction
	 Whey	 is	 a	 green-yellowish	 fluid	 that	 derives	
from	 cheese-making	 and	 casein	 manufacture.	 The	
compositional	 quality	 and	 properties	 of	 whey	 can	
differ	 greatly,	 which	 depends	 on	 production	 tech-
nology	and	milk	quality	used.	The	main	constituents	
of	 whey’s	 dry	matter	 are	 lactose	 (46-52	 g/L)	 and	
whey	proteins	(6-10	g/L)	(Jelen,	2003;	Adam	et	
al.,	2004;	Jeličić	et	al.,	2008).
	 Whey	 fermentation	 is	 initiated	 by	 lactose	 hy-




the	 cell	where	 it	 is	 hydrolyzed	 to	 glucose	 and	 ga-
lactose	(Neves	et	al.,	2005).	Some	humans	do	not	





of	Lactobacillus acidophilus	La-5	or	Bifidobacterium animalis	subsp.	 lactis	BB-12	in	reconstituted	
sweet	whey.	During	fermentation	(at	37	°C),	pH-value	and	viable	cell	counts	were	monitored.	The	
fermented	samples	were	 sensory	profiled.	Lactose	hydrolysis	 shortened	 the	 fermentation	 time	of	
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	 Interest	 for	 hydrolyzed	 lactose	dairy	 products	
started	 in	the	1970s,	which	 is	not	surprising,	since	
around	70	%	of	world	population	suffers	from	lac-
tose	 intolerance,	 i.e.	 the	 lack	 of	 β-D-galactosidase	
(Vasiljevic	and	Jelen,	2003;	Jeličić	et	al.,	2008).	
In	 addition,	 hydrolyzed	whey	 has	 potential	 use	 in	




bacteria,	 yeasts	 (Kluyveromyces	 spp.)	 and	 moulds	
(Aspergillus	 spp.)	 (Mahoney,	 2003;	 Vasiljevic	
and	Jelen,	2003).
	 Whey	 is	 mainly	 utilized	 in	 dairy	 beverages	
preparation	by	using	whey	powder	(WP)	or	a	whey	
protein	 concentrate	 powder	 (WPCP)	 (Tratnik,	
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2003;	 Božanić	 et	 al.,	 2004;	 Tudor	 et	 al.,	 2008).	
The	fermentation	of	liquid	whey	is	more	economi-
cal	because	certain	technological	processes,	such	as	
ultrafiltration	 and	 drying,	 are	 avoided	 (Gallardo-









otic	 bacteria	 for	 the	 preparation	 of	 dairy	 beverage	





of	 lactose	 hydrolyzed	 whey	 on	 the	 fermentation	
time,	growth	of	Lactobacillus acidophilus	La-5	and	















galactosidase	 (Kluyveromyces marxianus	 var.	 lac-
tis-E.C.	 3.2.1.23),	 and	 commercially	 marketed	 as	
MAXILACT	L2000	 (DSM	Food	Specialtes,	Neth-
erlands).	2.5	mL/L	of	β-D-galactosidase	was	added	
to	 the	 processed	 reconstituted	 whey.	 Enzymatic	
activity	 was	 carried	 out	 at	 37	 °C	 during	 120	min	
with	continuous	stirring	(600	revolutions	per	minute	
-	rpm)	(Matijević	et	al.,	2009).
Probiotic bacteria inoculum preparation










the	 activity	 of	 probiotic	 bacteria,	 two	 whey	 sam-
ples	 were	 prepared.	 The	 first	 sample	 consisted	 of	
reconstituted	whey	(control	sample),	the	other	one	




Chemical, microbiological and sensory analyses
	 Acidity	was	measured	using	pH-meter	“Knick”	
type	647	(Sabadoš,	1996).	The	viable	cell	counts	
of	 lactobacilli	 and	 bifidobacteria	 (CFU/mL)	 was	
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Data analysis
	 The	experiment	was	replicated	three	times,	and	















	 Influence	 of	 different	 carbon	 source,	 amongst	




15	%	more	 lactic	 acid	 after	 48	 h	 of	 fermentation	
than	media	 that	 contained	 lactose.	However,	 even	




media	 that	 contains	 glucose	 has	 a	 better	 activity	






















fact	 that	 37	 °C	 fermentation	 temperature	 is	more	
suitable	for	Lactobacillus acidophilus	La-5	while	bi-
fidobacteria	 grow	 the	 best	 at	 37	 to	 41	 °C	 (Shah,	
2006).	Similar	pH-value	dynamics	are	described	in	
Figure	1.	Average	values	of	fermentation	time	for	control	whey	samples	(A)	and	hydrolyzed	lactose	samples	
(B)	using	monocultures	Lactobacillus acidophilus	La-5	 (a)	 and	Bifidobacterium animalis	 subsp.	
lactis	BB-12	(b)
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the	literature	regarding	whey	fermentation	with	Bi-
fidobacterium animalis	subsp.	lactis	BB-12	(Drgalić	
et	 al.,	 2005).	 Probable	 cause	 of	 similar	 pH-value	
change	in	control	sample	and	hydrolyzed	whey	sam-
ple	 is	 possibility	 of	 bifidobacteria	 to	 use	 galactose	
and	 produce	 oligosaccharides	 made	 of	 3	 galactose	















Milk	 fermentation	 with	 Lactobacillus acidophilus	
La-5	 resulted	 in	9	 log10	CFU/mL	(Božanić	et	 al.,	
2001),	 which	 is	 similar	 to	 whey	 control	 sample	
meaning	that	whey	is	just	as	good	media	for	Lactoba-
cillus acidophilus	La-5	growth	than	milk.	Glucose	is	




samples	 (□)	 during	 fermentation	with	Lactobacillus acidophilus	 La-5	 (a)	 and	Bifidobacterium 
animalis	subsp.	lactis	BB-12	(b)
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regarded	as	a	better	carbon	source	for	Lactobacillus 
acidophilus	than	lactose,	resulting	in	better	growth.	
Increase	 of	 Lactobacillus acidophilus	 DSM	 20079	
viable	 cell	 count	 in	MRS	media	was	 greater	when	




















	 Lactose	 hydrolysis	 produces	 monosaccharide	
(glucose	and	galactose)	that	give	sweeter	taste	than	
lactose	(Mahoney,	2003).	Therefore,	sensory	prop-
erties	 of	 fermented	whey	 samples	 and	 hydrolyzed	
whey	 samples	 were	 determined.	 Weighted	 points	
for	 all	 samples	 appearance	 were	 2.64-2.72	 (from	





was	 noticeable.	 Cryogenic	 IgM	 that	 sediments	 at	




	 Colour	 of	 all	 samples	was	white-greenish	 and	




results	 for	 taste	 show	some	significant	differences.	
Fermented	 hydrolyzed	 lactose	whey	 samples	were	
defined	as	sweeter.	Both	whey	samples	(control	and	
sample	 with	 hydrolyzed	 lactose)	 fermented	 with	
Lactobacillus acidophilus	 La-5	 scored	 equally	 for	
taste	 (9.20	 and	 9.40	 of	maximum	10	 points)	 (Ta-
ble	1).	They	tasted	mildly	acidic	with	noticed	fresh-
ness.	 The	 highest	 score	 for	 taste	was	 given	 to	 the	
control	whey	samples	 fermented	with	Bifidobacte-


















			Samples Appearance	(4) Odour	(4) Colour	(2) Taste	(10)
La-5	(A) 2,72 3,76 1,60 9,40
La-5	(B) 2,72 3,84 1,64 9,20
BB-12	(A) 2,64 4,00 1,56 9,80
BB-12	(B) 2,64 3,68 1,56 7,20





acceptable	 sensory	 grade,	 while	 whey	 fermented	
with	 bifidobacteria	 had	unacceptable	 grade	due	 to	
the	 taste	 of	 bitterness	 and	 uncharacteristic	 acidity	
and	odour.	In	this	research,	control	sample	ferment-
ed	with	bifidobacteria	scored	the	best	grades	(18.00	




	 Lactose	 hydrolysis	 shortened	 fermentation	
with	Lactobacillus acidophilus	La-5	for	around	2	h,	
but	 in	 fermentation	with	bifidobacteria,	 it	 did	not	




ples	 (~8.91	 log10	CFU/mL).	The	highest	 sensory	
grades	were	given	to	control	whey	fermented	with	
bifidobacteria,	 while	 samples	with	 hydrolyzed	 lac-
tose	scored	somewhat	worse.	Lactose	hydrolysation	
did	not	 significantly	 influence	the	sensory	score	of	
fermented	 whey	 samples,	 because	 taste	 of	 sweet-
ness	covers	the	taste	of	probably	produced	acid.
Utjecaj enzimski hidrolizirane laktoze na 




	 Uzimajući	u	obzir	dužinu	 fermentacije	 sirutke	
probiotičkim	bakterijama,	cilj	ovog	rada	bio	je	ispi-
tati	 utječe	 li	 prethodna	 enzimska	 hidroliza	 laktoze	
na	aktivnost	bakterije	Lactobacillus acidophilus	La-5	
ili	Bifidobacterium animalis	 subsp.	 lactis	 BB-12	 u	
rekonstituiranoj	slatkoj	sirutki.	Tijekom	fermentaci-






log10	 CFU/mL),	 u	 odnosu	 na	 kontrolni	 uzorak	
(~8,91	log10	CFU/mL).	Međutim,	hidroliza	laktoze	
nije	utjecala	na	aktivnost	bakterije	Bifidobacterium 









tive,	Critical Reviews in Food Science and Nutrition	44,	
553-557.









hydrolyzed	 whey	 samples	 (B)	 fermented	
with	 Lactobacillus acidophilus	 La-5	 and	
Bifidobacterium animalis	 subsp.	 lactis	
BB-12
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